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ANGL1OCYTOMAS are rare central nervous system tumors, characterized by ganglion cells, unmyelinated nerve fibers, and glial matrix. Although they may be found at any site within the brain or spinal cord, the floor of the third ventricle is a favored location, l* Ganglioneuromas, the peripheral counterparts of gangliocytomas, are usually found in relation to sympathetic ganglia and peripheral nerves, and have been shown to secrete amines and peptide hormones, s2~ In addition to causing watery diarrhea, they may also cause opsoclonus, myoclonus, and cerebellar ataxia. 19 Ganglioneuromas differ histologically from gangliocytomas only in having a fibrous instead of a glial matrix. ~s We are reporting an example of a gangliocytoma occurring within the sella turcica and the suprasellar cistern, and associated with acromegaly. Its removal restored growth hormone (GH) to normal levels while pituitary function remained intact. In reviewing the literature, we found 20 other patients with gangliocytomas in this location, among whom 12 had clinical features suggesting pituitary hypersecretion.~ s.9-,6
Case Report
This 37-year-old woman was admitted to the Brigham and Women's Hospital with a 1 89 history of secondary amenorrhea, headaches, and blurring of vision in the left eye.
Exarnination. She was obese with mild acromegalic features, and a superior quadrant field defect in the left eye. The basal serum GH level was mildly elevated at 7.6 ng/ml, and was not suppressed on administration of glucose (Table 1) . Serum prolactin value and studies of thyroid and adrenal function were normal. Skull roentgenograms showed an enlarged sella, and computerized tomography (CT) demonstrated an intrasellar and suprasellar mass that enhanced after the administration of intravenous contrast material (Fig. 1) . Operations. The tumor was a firm gray mass requiring first transsphenoidal exploration of the sella turcica and then a frontal craniotomy for removal. The tumor was not attached to the hypothalamus or any other structures on the undersurface of the brain, and the pituitary stalk was seen to be intact as it entered the sella far to the right, into what was thought to be the normal but displaced pituitary gland.
Pathological Examination. Microscopically, the tumor had two components (Fig. 2) . One had the histological appearance of a chromophobe adenoma. Only occasional faint red granules were seen on carmosine stain, which was considered probably negative for GH. The other larger part of the tumor was composed of nests of mature but dysplastic ganglion cells, separated by bands of neuroglial tissue, with unmyelinated axons (Fig. 3) . Although dysplastic, the neurons contained prominent Nissl substance. There were no binucleate forms or cytoplasmic vacuolations. Interspersed among the neurons were smaller cells of uncertain identity with uniformly dense nuclear chromatin and no detectable cytoplasm. Within the neuroglial tissue were thickened blood vessels and prominent collagenous septa. At the interface between the two types of tissue, the adenomatous tissue could be found in a perivascular location as if growing along the vessels, and apparently chromatolytic neurons could be found within an area of adenoma. The adenomatous tissue was thought to be consistent with pituitary adenoma, while the neuroglial portion was considered to be a gangliocytoma.
Postoperative Course. The patient did not have diabetes insipidus. Her visual fields returned to normal, menstruation resumed, basal GH was 1.7 ng/ml (Table  1) , and studies of thyroid and adrenal function remained normal (Tables 2 and 3 ). Radiation therapy was not offered, and at 1 year after operation there was no evidence of regrowth of the tumor, either clinically or on CT scanning (Fig. 1) .
Discussion
At least 20 instances of gangliocytoma in the region of the sella turcica have previously been cited in the literature (Table 4) . I-~'9-~6 More than half of the patients had symptoms of pituitary hypersecretion, but there is little information about postoperative endocrine function in those who had their tumors treated surgically. Ours appears to be the only patient in whom such data are reported, and this case illustrates not only that some of these tumors may be removed, but also that the associated hypersecretion of pituitary hormone may be corrected without disturbing normal pituitary function.
Correction of our patient's hypersecretory state indicates that the tumor itself was in some way responsible for her acromegaly. Even though specific hormones have not yet been identified in gangliocytomas, the histology and clinical characteristics of these tumors in the region of the sella turcica indicate that they are often endocrinologically active, as emphasized by several authors. ~~ 14 T h e s e tumors contain secretory granules, 2"5"12-H and adenomatous tissue is not an uncommon finding. T M ~3 A significant number ofgangliocytomas are associated with conditions of hypersecretion of pituitary hormones, the most common being acromegaly. ~,2.9,1o,~2-~4 Both GH 7 and GH-releasing substance (GHRS) 6 have been identified in tumors outside the central nervous system, so the presence of either in a gangliocytoma would not be a surprise finding. In our patient's tumor, G H itself might have been present as vaguely suggested by the carmosine stain; however, direct assay of the tissue for GH or for GHRS was not performed. It could also be speculated that GH was produced by the adenomatous part of the tumor or by the pituitary gland under the influence of GHRS from the ganglionic portion of the tumor.
The peripheral ganglioneuromas were first shown to be hormone-producing when catecholamines 2~ and vasoactive intestinal peptides 8 were demonstrated in those tumors associated with watery diarrhea. In addition, movement disorders, specifically opsoclonus, myoclonus, and cerebellar ataxia, may be prominent clinical features of the related neuroblastomas ~9 as well as of occult bronchogenic carcinoma. 17 Solomon and Chutorian ~ suggested that the mechanism might be an autoimmune reaction in the dentate nucleus caused by tumor tissue of neural crest origin: however, a neuroendocrine mechanism is equally plausible.
Gangliocytomas should be considered derivatives of the diffuse endocrine system, as are the ganglioneuromas. 21 The central division of this system contains the neuroendocrine and endocrine cells of the hypothalamic-pituitary axis which produce hormonally active amines and peptide hormones, including GH-releasing hormone, GH, adrenocorticotropic hormone, prolactim follicle-stimulating hormone, and luteotropic hormone. j5 This system is considered to be "neuroendocrine programmed" and to arise from the embryonic epiblast or one of its derivatives. ~5 Such a concept conveniently accommodates the parasellar gangliocytomas, which have been associated with acromegaly, Cushing's syndrome, hyperprolactinemia, and feminization. It is of interest that only the parasellar location seems to induce gangliocytomas to clinically detectable hormone secretion.
Of the 21 collected cases of parasellar gangliocytoma, including ours (see Table 4 ), 12 were females, six were males, and in three the gender was not stated. Ages ranged from 5 to 72 years, with a mean of 37 years. Five patients were aged 16 years or younger, and all of these had either ventricular enlargement demonstrated radiologically or symptoms strongly suggesting hydro-cephalus. The average duration of symptoms before diagnosis was 5.8 years (range 4 months to 15 years). Twelve of the patients had clinical evidence of hypersecretion of pituitary hormones (acromegaly in eight, Cushing's syndrome in two, amenorrhea-galactorrhea in one, feminization in one), the youngest of whom was a 16-year-old boy who exhibited feminization. Four patients had evidence of pituitary insufficiency. Other endocrine symptoms included obesity, retardation of growth, and diabetes insipidus, as would be expected from any tumor in this location. Headaches and disturbances of vision were the most common neurological symptoms. Anosmia, hemiparesis, and seizures were also recorded. Three patients had no symptoms referrable to the tumor.
Most of the tumors arose within the sella and displaced the diaphragma sellae upward. Other configurations included a location totally within the sella, within the sella and sphenoid sinus but without upward extension, on the undersurface of the brain extending from the olfactory tracts to the pons, and extension upward into the third venticle as high as the foramen of Monro. Except in this last group, the tumors were generally separable from the undersurface of the brain, as in our patient.
Addendum
Since submission of this manuscript, we have been able to study the tumor reported here for GH, prolactin, and adrenocorticotropic homone with immunochemical stains using horseradish peroxidase (Dako Pat Kit, HK-514 (Pituitary), Accurate Chemical and Scientific Corp., 300 Shames Drive, Westbury, New York). We were able to demonstrate isolated single cells in the adenomatous portion of the tumor positive for GH. We also wish to mention the same finding in a recent report by Burchiel, et al., of a similar patient (Burchiel KJ, Shaw CM, Kelly WA: A mixed functional microadenoma and ganglioneuroma of the pituita~2r fossa. J Neurosurg 58. [416] [417] [418] [419] [420] 1983 ).
